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SEMICONDl 



;OR ARRANGEMENT 



BACKGROUND OF THE INVENTION 



This invention relates generally to semiconductor packages and to modules 
having such packages. 

As is known in the art, semiconductor packing is typically performed by forming a 
plurality of identical integrated circuit chips on a semiconductor wafer. Also formed on 
the wafer during the fabrication of the chips is a plurality of scribe lines, or kerfs, which 
separate the chips. The integrated circuit chip definition is essentially complete at this 
wafer processing level. Some modification using electrical or laser fusing is possible 
such as spare, or redundant element replacement and circuit parameter (e.g., 
resistance) trimming, but this is limited to electrical elements with a single chip. 

The wafer is then tested. The individual chips are then diced (i.e., separated) by 
scribing and breaking along the scribe lines. The now separated chips are individually 
packaged, re-tested, and sold as individual packaged chips. Typically, these individually 
packaged chips are mounted to a printed circuit board (PCB). For example, when the 
chips are Dynamic Random Access Memories (DRAMs), the individual packaged chips 
are mounted to a PCB to provide a memory module, such as a Single In-Line Memory 
Module (SIMM), Dual In-Line Memory Module (DIMM), or Rambus In-Line Memory 
Module (RIMM). 

As is also known in the art, a DRAM chip typically includes two regions: memory 
array regions; and, non-memory array regions. These non-memory array regions are 
generally referred to as regions peripheral to the array regions or merely as peripheral 
regions. More particularly, referring to FIG. 1, a semiconductor wafer 10 is shown having 
a plurality of identical semiconductor chips 12. The fabricated chips 12 are then 
separated along the scribe lines 14. The borders of the scribe lines 14 shown more 
clearly in FIG. 2 and are designated as 14a, 14b, such FIG. 2 showing a portion of the 
wafer 10 shown in FIG. 1 . Thus, an exemplary one of the chips 12 is shown in detail in 
FIG. 2 to include memory array regions, here four memory array regions 16 and 
peripheral regions 17. Each array region 16 includes the DRAM memory cells and 
associated row and column decoders, not shown. The peripheral regions 17 typically 
include decoders and sense amplifiers, not shown. Also included in the peripheral 
region 17 of each chip 12 is, in this example, a pair of voltage generators 20. Also 
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disposed in the peripheral regions 17 are power busses 22 which electrically 
interconnect the voltage generators 20 to the array regions 16. In a conventional DRAM 
semiconductor chips, the voltage generators 20 occupy up to several percent of the total 
chip 12. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a semiconductor package is provided. 
The package includes a fractional portion of a semiconductor wafer having a plurality of 
integrated circuit chips thereon. The chips have separating regions between them. The 
fractional portion of the wafer has a plurality of electrical contacts electrically connected 
to the chips. The package also includes an electrical conductor to electrically connect 
the plurality of electrical contacts electrically interconnecting such chips with portions of 
the electrical conductor spanning the separating regions between the chips in the 
fractional portion of the wafer. 

With such an arrangement, rather than have each individual chip in a separate 
package, the chips are designed for module granularity enabling the entire fractional 
portion of the wafer (i.e., portions thereof which are not used in the circuitry of the 
individual chips) to be utilized in an optimum manner. 

In accordance with one embodiment, a semiconductor package is provided. The 
package includes a fractional portion of a semiconductor wafer having a plurality of 
integrated circuit chips thereon. The chips have separating regions between them. The 
fractional portion of the wafer has a plurality of electrical contacts electrically connected 
to the chips. The package also includes a dielectric having an electrical conductor 
thereon. The electrical conductor electrically connects the plurality of electrical contacts 
to electrically interconnect such chips with portions of the electrical conductor spanning 
the separating regions between the chips in the fractional portion of the wafer. 

In accordance with the present invention, a semiconductor package is provided. 
The package includes a fractional portion of a semiconductor wafer having a plurality of 
integrated circuit chips thereon. The chips have separating regions between them. 
Peripheral electrical components are disposed in the separating regions. The package 
also includes an electrical conductor to electrically connect the plurality of electrical 
contacts to electrically interconnect such chips with peripheral electrical components 

In accordance with one embodiment of the invention, a semiconductor memory is 
provided. The memory includes a fractional portion of a semiconductor wafer. The 
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fractional portion of the wafer has a plurality of integrated circuit chips. Each one of such 
chips has a memory array region. The chips have separating regions between them. A 
periphery electrical component is disposed on the fractional portion of the wafer in one of 
the separating regions An electrical interconnect is provided for electrically connecting 
the chip to the periphery electrical component. 

With such an arrangement, the periphery components are added to the memory 
in a more efficient manner as compared to a module having only a single integrated 
circuit memory chip. Several benefits of this efficiency are: an averaging of elements to 
reduce variations; sharing of chip elements to increase the number of chips per wafer; 
selecting circuit options; and, wiring across the chips within the module. 

In accordance with another embodiment of the invention, a semiconductor 
memory package is provided having a fractional portion of a semiconductor wafer. The 
fractional portion of the wafer has a plurality of integrated circuit chips. Each one of such 
chips has a memory array region. The chips have separating regions therebetween. A 
periphery electrical component is disposed in one of the separating regions. An 
electrical interconnect is provided for electrically connecting the chip to the peripheral 
electrical component. 

In accordance with another embodiment of the invention, a semiconductor 
packaging arrangement, or module, is provided. The module includes a printed circuit 
board having an electrical interconnect thereon and a semiconductor package mounted 
to the printed circuit board. The semiconductor package includes a fractional portion of 
a semiconductor wafer having a plurality of integrated circuit chips thereon, such chips 
being separated by regions in the fractional portion of the wafer. The fractional portion 
of the wafer has a plurality of electrical contacts electrically connected to the chips. The 
package also includes a dielectric having an electrical conductor thereon. The electrical 
conductor are electrically connected to the plurality of electrical contacts of the plurality 
of chips to electrically interconnect such plurality of chips with portions of the electrical 
conductor spanning the regions in the fractional portion of the wafer. A connector is 
provided for electrically connecting the electrical conductor of the package to the 
electrical interconnect of the printed circuit board. In accordance with another 
embodiment of the invention, a semiconductor memory is provided having a fractional 
portion of a semiconductor wafer. The fractional portion has a plurality of integrated 
circuit chips. Each one of such chips has a memory array region. The chips have 
separating regions therebetween. A periphery electrical component is disposed in one 
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of the separating regions. An electrical interconnect electrically connects the chips to 
the periphery electrical component. 

With such an arrangement, the same periphery electrical component is shared by 
the chips. 

5 In accordance with still another embodiment of the invention, a method is 

provided for providing a packaging arrangement. The method includes providing a 
semiconductor wafer having formed thereon a plurality of semiconductor chips, such 
chips being separated by regions in the wafer, such wafer having a plurality of electrical 
contacts electrically connected to the chips. A dielectric member is provided having 
10 thereon an electrical conductor. The dielectric member is positioned over the wafer with 
the electrical conductor being disposed on the plurality of electrical contacts and with 
such electrical conductor spanning the regions. The positioned dielectric member is 
connected to the semiconductor wafer to provide a unitary structure. The unitary 
structure is separated into a plurality of packages, each one of the packages having a 
£n 15 plurality of the chips with the electrical contacts of the plurality of the chips in such 
p package being electrically connected to a corresponding portion of the spanning 

J3 electrical conductor in such package. 

~ In one embodiment, a printed circuit board is provided having an electrical 

fcssr 

EH interconnect thereon; and, electrically interconnecting the electrical conductor of the 

— 20 package to the electrical interconnect. 

D The details of one or more embodiments of the invention are set forth in the 

^ accompanying drawings and the description below. Other features, objects, and 

advantages of the invention will be apparent from the description and drawings, and 

from the claims. 

25 DESCRIPTION OF DRAWINGS 

FIG. 1 is a plan view, simplified sketch of a semiconductor wafer having a plurality of 
integrated circuit chips according to the PRIOR ART; 

FIG. 2 is an exploded view of a portion of the wafer of FIG. 1; 

FIG. 3 is a plan view, simplified sketch of a semiconductor wafer having a plurality of 
30 integrated circuit chips according to the invention; 

FIG. 4 is an exploded view of a portion of the wafer of FIG. 3 having a plurality of the 
integrated circuit chips therein, such portion being enclosed in the arrow labeled 4-4 in 
FIG. 3; 
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FIG. 5 is a diagrammatical plan view of the portion of the wafer shown in FIG. 4 with 
a dielectric member disposed over such portion of the wafer and with such dielectric 
member having electrical conductors thereon in contact with electrical contacts on the 
chips in such portion of the wafer, such electrical conductors being shown using cross- 
hatching in FIG 5; 

FIG. 6 is an exploded, cross sectional view of the package of FIG. 5 such cross 
section being taken along line 6-6 in FIG. 5; 

FIG. 7 is a cross sectional view of a semiconductor package according to the 
invention, such package having a separated, fractional portion of the wafer of FIGS. 5 
and 6, and overlying fractional portion of the dielectric member of FIGS. 5 and 6; 

FIG 8 is a packaging assembly having the package of FIG. 7 connected to a portion 
of a printed circuit board according to the invention; 

FIGS. 9A through 9D are plan views of a portion of a wafer with a dielectric member 
disposed over such portion of the wafer and with such dielectric member having 
electrical conductors thereon in contact with electrical contacts electrically connected to 
chips in such portion of the wafer, such electrical conductors being shown using cross- 
hatching, such FIGS. 9A through 9D showing such structure at various stages in the 
fabrication thereof to provide an interconnection of voltage generators formed thereon in 
accordance with the invention; 

FIG 9B' is an enlarged view of a portion of the wafer shown in FIG. 9B, such portion 
being enclosed by an arrow designated gB^B' is FIG. 9B; 

FIG 9C is an enlarged view of a portion of the wafer shown in FIG 9B, such portion 
being enclosed by an arrow designated 9C-9C' is FIG. 9B; 

FIG. 10 is a schematic diagram of the structure shown in FIGS. 5, 6 and 7 according 
to the invention; 

FIG 11 is a schematic diagram of a structure according to an alternative embodiment 
of the invention; 

FIG. 12 is a schematic diagram of the structure shown in FIG. 9D; 
FIG. 13 is a schematic diagram of a structure according to an alternative embodiment 
of the invention; and 

FIG 14 is a schematic diagram of a structure according to an alternative embodiment 
of the invention. 

Like reference symbols in the various drawings indicate like elements. 
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DETAILED DESCRIPTION 

Referring now to FIG. 3, a semiconductor wafer 30 is shown having a plurality of 
identical integrated circuit chips, here DRAM chips 32 therein, is shown. The individual 
chips 32 are separated by separating regions, here scribe lines, or kerfs, 33. The 

5 borders of the scribe lines 33 are provided by crack-stop lines labeled 33a, 33b in an 
enlarged view of a portion of the wafer 30 shown in FIG 4. Here, each one of the chips 
32 includes, as with the chips 12 in FIG. 1, memory array regions 16, here four memory 
array regions 16 and non-array, or peripheral regions 17'. Here, in this example, each 
one of the chips 32 is identical in construction. Each array region 16 includes the 

10 DRAM memory cells and associated row and column decoders, not shown. It should be 
noted that periphery electrical components, here for example, voltage generators 48, are 
provided in the separating regions 33. More particularly, here a pair of the voltage 
generators 48 is disposed in a portion of the scribe line 33 adjacent to a corresponding 
one of the chips 32. Each pair of generators 48 is electrically connected to the adjacent, 

15 corresponding one of the chips 32, here for example to the array regions 40 of such chip 
32, through power busses 50 formed on the chip 32, as indicated. It is noted that the 
generators 48 have electrical contacts 53, as shown more clearly in FIG. 4 and such 
electrical contacts are connected to the power busses 50. 

Thus, a semiconductor wafer 30 is provided having formed thereon a plurality of 

20 semiconductor chips 32, such chips 32 being separated by separating regions 33 in the 
wafer 30, such wafer 30 having a plurality of electrical contacts 53. 

Having fabricated the semiconductor wafer 30 as shown in FIGS. 3 and 4, a 
dielectric member 49, such as a thin printed circuit board, shown more clearly in FIG. 6 is 
provided with patterned electrical isolated electrical conductors 52 on one surface, here 

25 the inner surface of the dielectric member 49. The dielectric member 49 has an 
electrical contact 55 on the opposite, here outer surface thereof as indicated. The 
contact 55 is electrically connected to the electrical conductor 52 through via conductor 
57. The dielectric member 49 may be a single member having the conductors formed 
on one surface of such member 50, as shown in FIGS. 5 and 6. The dielectric member 

30 49 may be a multi-level, e.g., laminated member, having electrical conductors 52 in 
various dielectric layers thereof. In either case, one inner surface of the dielectric 
member 49 has at least one electrical conductor 52 which is electrically connected to the 
electrical contact 55 using a conductive via 57. The dielectric member 49, here having a 
diameter the same, or larger than the diameter of wafer 30, is placed over the surface of 
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the wafer 30 as indicated in FIG. 6, here the electrical conductors 52 are indicated by 
hatched lines for convenience. 

Thus, a dielectric member 49 is provided having electrical conductors 52. The 
dielectric member 49 is positioned over the wafer 30 with the electrical conductors 52 
being disposed on the plurality of electrical contacts 53 and with such electrical 
conductors 52 spanning the separating regions 33, as indicated in FIGS. 5 and 6. It is 
noted then that the electrical conductor 52 is thus electrically connected to the buss 50 
through the contacts 53, as noted above. 

Next, the positioned dielectric member 49 is connected to the semiconductor 
wafer 30 to provide a unitary structure 51 as indicated in FIG. 6. The unitary structure 
51 is separated along the scribe lines 32 into a plurality of packages 60, and exemplary 
one of such packages 60 being shown in FIG. 7. Thus, in this example, each package 
60 has a plurality, here four, of the chips 32 with the electrical contacts 53 of the four 
chips 32 in such package 60 being electrically connected the spanning electrical 
conductor 52. A schematic diagram of the package is shown in FIG. 10. 

Next, a plurality of the packages 60 are arranged in a memory module 62 as 
indicated in FIG. 8. More particularly, here each memory module 62 includes a plurality 
of, here three, of the packages 60 shown in FIG. 7 and a printed circuit board 66 an 
electrical interconnects 68 thereon. The memory module 62 is fabricated by 
mechanically and electrically connecting the four packages 60 to the printed circuit board 
66. More particularly, the electrical contacts 55 are disposed on and electrically 
connected to the electrical interconnects 68. 

It is noted that with the packages 60 arranged as described in FIG. 7, each one of 
the voltage generators 48 is no longer assigned (i.e., electrically connected to) a single 
integrated circuit chip 32. Thus, while in the prior art each chip has its own generator, 
such generator must be calibrated individually to the particular chip. Here, however, by 
combining (i.e., electrically interconnecting) the generators 48 and then connecting them 
to all chips 32 in the package 60, the generator 48 produced voltages are the same for 
all chips 32 in the package 60. This results in less on-chip voltage variation and more 
constant timings during operation of the chips 32.A schematic diagram of package 60 is 
shown in FIGS. 5, 6 and 7 is shown in FIG. 10. Thus, it is noted that here each chip 32 
has a pair of here identical voltage generators 48 formed in the separating regions 33, 
as described above in connection with FIGS. 4-8. As described above in connection 
with FIGS. 5 and 6, the voltage generators 48 have electrical contacts 53 which are 
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connected through the electrical conductor 52. Further, as noted above in connection 
with FIGS. 4-8 these electrical contacts are connected to the busses 50, as indicated 
schematically in FIG 10. Thus, with this average voltage provided by all of the here eight 
voltage generators is supplied to here all four chip 32. 

Referring to FIG. 11, an alternative arrangement is shown where additional 
electrical conductors 52a, 52b and 52c are formed on the dielectric member 59 (FIG. 7) 
along with electrical conductor 52. Such an arrangement of the electrical conductors 52, 
52a, 52b and 52c provides a more effective distribution of the voltages provided by the 
here eight voltage generators 48. 

Referring now to FIGS. 9A-9D another embodiment of the invention is shown. 
Referring first to FIG. 9A, each one of the chips 32 has initially connected to it via bus 50 
a pair of voltage generators 48a, 48b. Here, each one of the pair of generators 48a, 48b 
produces a different voltage. It is noted that here the dielectric 49 (described above in 
connection with FIGS, 5 and 6) is disposed on, and connected to, the wafer 30 as 
described above in connection with FIGS. 5 and 6. Here, however, the dielectric 49 has, 
in addition to electrical conductor 52, electrical conductors 52'a and 52'c arranged as 
shown. It is noted that electrical conductor 52 is in contact with electrical contacts 53 as 
described above in connection with FIGS. 5 and 6. Electrically connected to such 
conductor 52 are the conductors 52'a and 52'c. Thus, at this stage in the fabrication, 
electrical conductors 52'a and 52'c are electrically connected to contacts 53 and hence 
are electrically connected to bus 50 of each of the chips 32. 

Next, and referring to FIG. 9B, the one of the pair of electrical contacts 53 in 
contact with voltage generator 48a is electrically disconnected from the bus 50, here by 
open-circuiting a laser fusible link to thereby produce gaps 50' as indicated more clearly 
in FIG. 9B\ Thus, the voltage generators 48a are electrically disconnected from the 
buses 50 while the voltage generators 48b remain electrically connected to such buses 
50, as indicated. 

Next, and referring to FIG. 9C, a laser is used to form open circuits 52' in the 
conductor 52, as indicated more clearly in FIG. 9C\ It is noted that there are a pair of 
gaps 52' to the right and to the left of each voltage generator 48a. Thus each voltage 
generator 48a is electrically disconnected from electrical contact 55. To put it another 
way, it should be noted that because of gaps 52', only the voltage generators 48b are 
electrically connected 53 together and such voltage generators 48a are electrically 
isolated from voltage generators 48b. Further, because of the gaps 50' described above 

8 
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in connection with FIGS. 9B and 9B\ the electrical conductor 52 with the gaps 52* is 
electrically connected to the electrical contact 55 and is electrically connected to only 
generator 48b. 

Referring now to FIG. 9D, the structure shown in FIG. 9D is sawed along lines 
5 33' and thereby separated into package of four electrically interconnected chips to form a 
plurality of packages 60'. The schematic diagram of one of the packages 60* is shown in 
FIG. 12. 

It is noted that a similar procedure may be used where generator 48a is to be 
electrically connected to bus 50 and where generator 48b is to be electrically isolated 
10 from bus 50. The schematic diagram for such an arrangement is shown in FIG. 13. 

From the above, it follows that other package arrangements may be provided. 
q For example, referring to FIG. 14 package 60" has four similar voltage generators 48\ 

one adjacent to a corresponding one of the four chips 32, are interconnected via 
conductor 52 to provide an average voltage to the chips 32 via busses 50. Thus, from 
P 1 15 the above it should be noted that because some memory packages 60, 60\ 60" have 
fy configurations in which not all of the individual chips 32 are active at one time, with the 

~ arrangement according to the invention described above, the generators 48 in the 

p package 60 may be shared between chips 32 in the package 60 thus improving the chip- 

ffj count per wafer since the generator size may be reduced. Still further, because the 

^ 20 generators 48, 48a, 48b need not be placed in the chip 32 but rather in the separating 
□ regions 33 between the chips 32, the number of chips 32 per wafer 30 (FIG 3) may be 

D increased. This arrangement also allows the capacitance of other chips within the 

package to stabilize the generated voltages with the memory package. Further, with this 
arrangement, the bus width on the chip may be reduced to thereby reduce chip area. 
25 A number of embodiments of the invention have been described. Nevertheless, it will 

be understood that various modifications may be made without departing from the spirit 
and scope of the following claims. 
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